We studied the species composition and soil nutrients in a Pinus brutia forest after a fire that occurred in 1989. Four permanent plots were created in the burnt and not burnt areas in the Amanos Mountains of Turkey. The floristic richness, biological spectra, above ground phytomass and soil features in the study areas were assessed during the first three years after the fire. After the fire, we found a reduced amount of organic matter (14.3%), total nitrogen (22%) and soil water saturation (13.1%), but an increased amount of available phosphorus (71%), acidity (3.6%), cation exchange capacity (9.9%), exchangeable sodium (20.8%) and exchangeable potassium (37.1%). The aboveground phytomass in the burned area reached 5284 kg ha -1 , the third year after the fire. Forty-six pre-fire species were renewed in the first three years after the fire. Juniperus oxycedrus could not renew within three years after the fire. Pine phytomass has increased five times within three years after the fire.
Introduction
Fire is one of the most important ecological factors in Mediterranean-type ecosystems. Most Mediterranean-type vegetation is composed of woodland in various degradation stages created by the long history of human activities (LE HOUREOU 1974 , NAVEH 1990 , TRABAUD 2000 , BILGILI and SAÐLAM 2003 . Depending on their post-fire reaction, plant species are classified as »seeders«, »sprouters«, or both types. Pine forest communities are very flammable during drought periods as they contain rich resins, essential oils, litter and understory shrub layers. On the other hand, these are resistant to fire in the absence of human pressures such as grazing, cutting and cultivation (MAZZOLENI and ESPOSITO 1993, NE'EMAN et al. 2004 ).
Study area
The study area is located on a hillside near Erzin town (36°57' N. 36°16' E), Hatay Province, Turkey, ca. 550 m above sea level and 14 km from the Ýskenderun Gulf (Fig. 1) .
Climate
The Mediterranean climate in the study area is characterized by long summer droughts and mild and rainy winters. The mean annual precipitation is about 1019.3 mm, while the monthly precipitation is approximately 22.4 mm in July and 130.3 mm in January. The mean maximum temperatures range from 15.2°C in January to 32.2°C in August and the mean minimum temperatures from 6.8°C in January to 23.8°C in August. The bioclimatic diagram prepared for the study area shows the months with dry and rainy periods (Fig. 2 ).
Geology
The geological structure of the area is of Mesozoic and Cretaceous limestone, Upper Cretaceous ultra-basic rocks (gabro and serpentine) and Tertiary marls. The common soil formation distinguished in the area is brown forest soils (TÜRKMEN and DÜZENLI 1998 
Materials and methods
In order to analyze the changes in species composition, soil elements, above ground phytomass and physiognomy of the plant community in this area, four permanent plots were established in the burned area and four in the adjacent unburned area. The unburned plots are the control plots. Each plot was 100 m 2 (10 m´10 m). Both burned and unburned plots were evaluated as single plots. All floristic records were made monthly from February 1989 to February 1992. In each of the burned plots, four sub-plots (2 m´2 m) were randomly created for post-fire plant biomass determination. All the vascular plants in subplots were cut with hand equipments (with bucksaw, hatchet and prune scissors) as close to the soil surface as possible.
To determine phytomass, the harvested material was air dried in an oven at 105°C. Five robust suckers from each woody species were cut, dried in the oven and weighted.
In total, 24 soil samples from the study plots were taken (24 of these samples from burned plots. and 4 from unburned plots). Each soil sample was created by mixing the upper soil layer (0-15 cm as depth) in the center of the corner of each plot. These soil samples were dried in the open air, and after being sieved in a fine sieve in the laboratory were analyzed using relevant methods. Air-dry sieved soil samples were analyzed in the Department of Soil Sciences, Çukurova University.
The soil analysis was performed according to BAYRAKLI (1987) . Lime (CaCO 3 ) was determined with a Scheibler calcimeter measuring the carbon dioxide pressure. Organic carbon was determined by Walkley-Black wet oxidation method, total nitrate by the semi-micro Kjeldahl method. Available phosphorus (P 2 O 5 kg ha -1 ) was determined according to Olsen et al. (1954) (using phosphorus solubility in sodium bicarbonate). Exchangeable sodium (expressed as cmol c kg -1 , i.e. centimoles of charge per kilogram of dry soil) was determined by 1N ammonium acetate, exchangeable potassium (cmol c kg -1 ) by 1N ammonium acetate. Total salt was determined by electrical conductivity within the 100 g water-saturated soil. For cation exchange capacity (cmol c kg -1 ) 1N sodium acetate-soil mixture was washed with 2N ammonium acetate. Acidity (pH) was determined using distilled water-saturated soil samples, after waiting 24 hours, using a Beckman pH meter connected to a glass-calomel electrode pair. Soil water saturation (%) was determined by measuring the amount of saturated pure water of 100 g air-dried soil.
Sorensen's similarity index (SI) was used to compare the species diversity of the burned and unburned areas:
where a is the total number of species in sample 1, b is the number of species in sample 2 and w is the number of species common to both samples.
The collected plant material was numbered and kept as samples for botanical identification. Taxonomical determination was performed according to DAVIS (1965 DAVIS ( -1985 . A voucher specimens of each species was kept in the Herbarium of Çukurova University, Faculty of Science and Letters, Department of Biology.
Results
The flora of the unburned area (400 m 2 ) consisted of 47 resident species and floristically it did not change during the three years after the fire. In the burned area (400 m 2 ), the presence of plant species that changed throughout the observation period is as follows: 26 species (24 autochthonous specific for the brutia pine community, and 2 allochthonous or exotic for the brutia pine community in the first year; 55 species (39 autochthonous and 16 allochthonous) in the second year; and 66 species (46 autochthonous and 20 allochthonous) in the third year (Tab. 1).
Ninety-eight percent of the pre-fire species (i.e. 46 species) occurred in the first three years after the fire, while the remaining 2% (i.e. 1 species) did not occur during this time. The floristic richness of the burnt community showed a tendency that resembles the stabile balance that existed before the fire (Fig. 3 , Tab. 2).
The phytomass above ground of the burnt vegetation reached 5283.8 kg ha -1 (herbaceous phytomass 2845.9 kg ha -1 , woody phytomass 2437.9 kg ha -1 ) showing rapid growth at the end of third year. Phytomass of the pine seedlings were much lower (9.9 g per 5 seedlings) than a woody resprouter species (e.g., phytomass of oak species is 401 times greater than that of pine species) due to both the pine species being an obligate seeder and woody resprouter species being capable of vigorous re-growth with spare nutrients (Tabs. 3, 4). The first three years, root growth of the pine was faster than stem growth (the root length was 18.3 cm in second year and 29.6 cm in third year while the stem length was 7.1 cm and 19.8 cm respectively).
The soil analysis in the study area (Fig. 4) indicated that immediately after the fire organic C (%)decreased from 13.37 to 11.46, later was reduced to 5.14. Total N (%) immediately after the fire decreased from 0.391 to 0.305, and then later was reduced to 0.217. Soil water saturation immediately after the fire decreased from 103.2 to 89. Fig. 4 . Changes of soil ph, organic carbon content, water saturation, contribution of coluble salt, lime (CaCO 3 ), cation exchange capacity (CEC), exchangeable Na, exchangeable K, total nitrogen, C/N ratio, and available phosphorus (P 2 O 5 ) after the fire.
to 77.9. C/N ratio immediately after the fire increased from 34.83 to 38.27, later was reduced to 23.55. Available phosphorus (P 2 O 5 kg ha -1 ) immediately after the fire increased from 0.390 to 0.667, later was reduced to 0.250; pH value (in soggy soil) immediately after the fire increased from 6.88 to 7.13, later was reduced to 7.04 cmol c kg -1 ; exchangeable K. immediately after the fire increased from 0.70 to 0.96, later was reduced to 0.56 cmol c kg -1 ; exchangeable Na immediately after the fire increased from 0.24 to 0.29, later was reduced to 0.22 cmol c kg -1 ; cation exchange capacity immediately after the fire increased from 39.86 to 43.80, later was reduced to 36.45 cmol c kg -1 ; lime (CaCO 3 ) immediately after the fire increased from 3.0 to 3.1, later was reduced to 2.8 %; total salt immediately after the fire increased from 0.665 to 0.091, later was reduced to 0.072 %. Similar trends were found in the earlier studies, elsewhere (AHLGREN and AHLGREN 1960 , RAISON 1979 , KUTIEL and SHAVIV 1989 .
Discussion
All the existing species before the fire (species at the control site), except for Juniperus oxycedrus L., emerged again within the first three years after the fire. Juniperus oxycedrus did not resprout from the lignotubers or burls. The new habitat conditions created by fire led to the emergence of allochthonous opportunistic species such as Sonchus olereacus, Sideritis perfoliata, Senecio vernalis, Trifolium campestre, Conyza bonariensis, Lactuca serriola and Verbascum galileum. These species caused an increase in the floristic richness of the area in the first three years (the richness includes both native and non-native species) but an elimination started by the dominance of the autochthonous sprouting phanerophytes. The most typical sprouter phanerophytes were Quercus cerris. Fraxinus ornus. Cotinus coggyrea. Pistacia terebinthus and Erica manipuliflora which can vigorously regenerate by root sprouting. The woody species that reproduce by seedlings only were Pinus brutia and Cistus salviifolius. These two woody species are known pyrophytes because of better germination and growth show in burned areas. The re-sprouting species remained alive in the fire, stored food reserves are developed by sprouting from vegetative organs. Many herbaceous re-sprouters having subterranean root organs (rhizomes or tubers) such as Saccharum strictum, Brachypodium pinnatum, Dactylis glomerata and Epipactis helleborina regenerated easily in the first year after the fire. These results agreed with those presented by the other authors (DAUBENMIRE 1968 , TRABAUD 1973 , VERROIUS and GEORGIADIS 2002 , TÜRKMEN and DÜZENLI 2005 .
The allochthonous species (species not seen in the control site occurred only from seeds in the burned areas. In the presence of autochthonous species, their seeds and / or vegetative organs were able to continue.
Subterranean organs are protected from fire by the soil, which is a good insulator and conducts little heat produced by the burning vegetation (ASTON and GILL 1976) . Mooney and Dunn (1970) found that nearly 50% of the small woody shrubs in California and Chile sprouted after a fire. NAVEH (1975) in Israel, TRABAUD and LEPART (1980) in southern France, THANOS et al. (1989) in Samos Island of Greece and TÜRKMEN and DÜZENLI (2005) in the Turkish Mediterranean Region found that nearly all the woody species of these regions sprouted after a fire within 3-5 years.
The emergence of the original species was 51.1% in the first year, 31.9% in the second year and 14.7% in the third year. It is known that some Mediterranean ecosystems evolve with fire and that most plant species have developed adaptive mechanisms (TRABAUD 1987) . These mechanisms could be associated with the strategies of persistence after a fire (e.g. species that regenerate well or disseminate numerous seeds after a fire).
Among the allochthonous species, the most prolific families were Asteraceae (5 species) and Fabaceae (4 species). The Fabaceae are of special interest due to their waterproof hard-coated seeds and ability to fix atmospheric nitrogen. These characteristics increased the germination abilities of their seeds in the soil seed bank after the fire. The diminished nitrogen in the burnt soils can be slightly resolved through the quick nitrogen fixation of the leguminous species. The dispersal abilities of the many species that belong to the Asteraceae are usually more than those in other families (VERROIUS and GEORGIADIS 2002) . Most of these plants occur usually in open areas such as forest roadsides, forest-adjacent agricultural areas and abandoned fields and have small, light seeds with pappus-like structures. Therefore, it was observed that these families were more abundant during the study period than before the fire.
The pre-fire species were detected in early post-fire vegetation and species richness increased during the three years after the fire due to the high abundance of short-lived herbaceous plants, which benefit from enriched supply with nutrients and light, as has been explained before (BUHK et al. 2006 
